Introduction Balanced Design and Commissioning of a 500W/4.5K Helium Refrigerator and its Liquefier
Balanced Design of thermodynamic cycle for the 500W/4.5K helium refrigerator
Simplified process flow diagram of a 500W@4.5K refrigerator
 Liquefaction mode
The suction pressure of compressor is 1.05 bar and the the output pressure of compressor is 13.6 bar, the mass-flow of compressor is 71.15 g/s. The electric power is 250 kW and the consumption of LN2 is about 22.3 g/s. The total UA values of heat exchanges are 1.79×10 4 W/C. The FOM of 500W/4.5K refrigerator in liquefaction mode is 13.7%.
 Refrigeration mode
the suction pressure of compressor is 1.05 bar and the the output pressure of compressor is 10.6 bar, the mass-flow of compressor is 78.84 g/s. The electric power is 250 kW and the consumption of LN2 is about 11.4 g/s. The total UA values of heat exchanges are 2.9×10 4 W/C. The FOM of 500W/4.5K refrigerator in liquefaction mode is 13.9%. 
T-S diagram Comparison in

Commissioning of a 500W/4.5K helium refrigerator
Power curve of heater in refrigeration mode 
Conclusion
 Commissioning in liquefaction mode indicate that it can provide 5.74g/s (or 165L/h) LHe with FOM of 14%. Both of the liquefaction rate and FOM are larger than design parameters which are 5.17g/s (or 150L/h) and 13.7%.
 Commissioning in refrigeration mode indicate that it can provide 550W at 4.5K with FOM of 13.2%. But the FOM is less than design parameters which is 13.9% due to the limits of terminal two heat exchanges.
